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Abstract-The term large disturbance is often used in place of system collapse. It is the process by which the series of events accompanying voltage instability, frequency instability, and transient instability leads to a blackout or abnormally low voltages in a significant part of the power system. Large disturbance may be due to tripping of the lines on an account of fault or increase in load more than the available supply. Transient stability deals with the effect of large and sudden disturbances in the system, while steady-state stability deals with the effect of small disturbances in the system. Small disturbance can be a change in the gain of the automatic voltage regulator in the excitation system of a large generating unit. This paper studies the effect of a large disturbance in a power system. The system is represented by a two-machine system connected to an infinite bus. This study involves the effects of the fault on the speed of the rotor of the synchronous generator. Two cases were investigated: firstly, when fault occurred on a bus, and secondly, when fault occurred on the middle of a line. The conditions of the network before, during and after the fault are established in this paper. The equal area criterion was applied to the swing curves obtained to predict the critical clearing time of the system. The critical clearing time was found to lie between 0.21s and 0.235s if the fault occurred on the bus, and lies between 0.245s and 0.355s if the fault occurred at the middle of a line. Thus the system is more transiently stable in the second case than in the first. Machine 1 was less stable in the first case, while machine 2 was less stable in the second case. The critical clearing time is essential to the design of proper relaying schemes for fault clearing.
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I. INTRODUCTION
Modern power systems are designed to operate efficiently to supply power on demand to various load centres with high reliability. The generating stations are often located at distant locations for economic, environmental, and safety reasons [1] . Electricity supply systems of industrialized countries typically have scores or even hundreds of synchronous generators operating in parallel, interconnected by thousands of miles of transmission lines, and supplying electric energy to loads scattered over areas of many thousands of square miles. It is necessary to design the system so that synchronism is maintained following disturbances [2] . Often power systems are subjected to disturbances, some of which are large and some small. The main aim of this work is to demonstrate the impact of fault clearance on the transient instability problem in systems with synchronous generators to predict the instability cases and to avoid system collapse [3] . Large disturbance is one Published on October 24, 2018. A. J. Onah is with Michael Okpara University, Nigeria.
for which the non-linear equation describing the dynamic of the power system cannot be validly linearized for the purpose of analysis. Examples of large disturbance include transmission system faults, sudden load changes, and loss of generating units and line switching. The most severe switching operations include applications of fault, clearing of faults, and inadvertent tripping of lines and generators. This problem is referred to as transient stability [4] . Power system stability is defined as the ability of a power system to remain in stable operating equilibrium under normal operating conditions and to regain an acceptable state of equilibrium after being subjected to a disturbance. A power system becomes unstable when voltages uncontrollably decrease due to outage of equipment, and sudden increment in load [5] . A severe disturbance does not allow a generator to deliver its output electrical power into the network. This power is then absorbed by the rotor of the generator, increases its kinetic energy, which results in the sudden acceleration of the rotor above the acceptable revolutions per minute and eventually damage of the generator. Transient stability is the ability of the power system to maintain synchronism when subjected to a severe disturbance [6] . The major causes of large disturbance are as follows.
A. Weather
Hurricanes, floods, wind storms, lightning, rain, earthquakes and other severe weather conditions can completely destroy critical power infrastructure and result in outages that leave expensive geographical regions without power for days, weeks and even months.
B. Sudden Load Changes
When the load demand by the consumer has increased more than the available power in the system, this can cause a collapse of the system. By this the power system is stressed more than its capacity and this is very dangerous for the system. So many parameters of the system would have changed and this can lead to the collapse of the power system.
C. Static Var Compensator (SVC) Capacity Limit
Transient voltage stability is well known to be driven by dynamic loads, such as induction motors, and it has to be associated with fast acting power electronic devices [7] . When a device like this is connected in parallel with the supply, it takes a leading current which partly neutralize the lagging reactive component of the load. When these devices reach their limit of the reactive power that they can produce, then the system may experience total or partial collapse. 
D. Effect of tap changing transformers
When the tap changers of transformers are switched, the voltages profile changes greatly, most especially if the transformer is carrying a heavy load. Load tap changing in transformers design are for monitoring a constant voltage on a power system, the ratio of transformation is usually changed by increasing or decreasing the number of active turns in one winding with respect to another winding. This effect can cause a greater shift in the profile of the system and therefore may cause fluctuation in the frequency of the system.
E. Loss of generating unit
Generator outage is another incidence in a power system that can cause voltage collapse or large disturbance. The outage of generator carrying a huge load causes inability in the power system and if combating measures are not taken, the system may experience collapse.
F. Frequency Instability
Frequency Instability is inability of a power system to maintain steady frequency within the operating limits. Keeping frequency within the nominal operating range (ideally at nominal constant value) is essential for proper operation of a power system. It is extremely unlikely that the output of the machines at any instant will exactly equal the load on the system. If the output is higher than the demand, the machines will tend to increase in speed and the frequency will rise, and vice versa. Hence the frequency is not a constant quantity but continuously varies [8] . The frequency is therefore continuously monitored by load frequency control (LFC) in order to guarantee that the frequency and the inter area tie line power are within reasonable ranges, and to deal with change in demand and disturbance [9] . Frequency instability occurs due to themismatch between load and generation giving rise to a sudden change in frequency II. MODELLING Fig. 1 is a turbine-generator-exciter system [10] . 
A. Machine Dynamics
J = total moment of inertia of rotor mass in kg-m 2 θm= Rotor angular position ωm = Rotor shaft velocity t = time, in seconds (s) Tm = the mechanical torque supplied by the prime mover minus the torque due to rotational losses. Te = the net electrical or electromagnetic torque. Ta = the net accelerating torque. Rotor speed is related to synchronous speed. So it is more convenient to express θm with respect to a reference axis rotating at synchronous speed (synchronously rotating reference axis). Thus the rotor angular position with respect to a synchronously rotating reference axis is:
where ωsm = synchronous speed δm = the angular displacement of the rotor from the synchronously rotating reference axis.
represents the deviation of the rotor speed from synchronism. At synchronous speed, it is equal to zero.
Power is torque times velocity. So, from (1) a e m m sm
where; M = Jωsm is the angular momentum of the rotor expressed in joule-second per mechanical radian [Js/mech rad]. It is called the inertia constant of the machine. The kinetic energy (K. E.) stored in the rotor of the machine is:
Another inertia constant denoted by H is the K.E. stored in the rotor per MVA rating, S of the machine. Thus:
Thus H is the per unit inertia constant.
Thus, in electrical degrees, we have
where, δ = rotor angular position in electrical degrees Pm = mechanical input power, less the rotational losses Pe = electrical power output Equation (11) The bus admittance matrix for the network reduced to two nodes in addition to the reference node is:
The complex power entering a network at bus k is:
Thus, thecomplex power entering the network at bus 1 is:
The electric power output of the generator (armature loss neglected) is therefore given by: Similar equations can be obtained for bus 2.
C. The Equal Area Criterion
The application of the equal-area criterion to predict stability is very useful in understanding the overall dynamic behavior of synchronous machines [11] . The swing equations are non-linear in nature, and so cannot be solved explicitly. However, the stability of a two-machine system can be examined, directly, without solving the swing equation. In Fig. 5, circuit breaker B at the end of the short transmission line is initially open, while A is closed. A three-phase fault occurs at point P close to the bus, and is cleared after a short period of time by the opening of circuit breaker A. Since the fault is effectively at the bus, the electrical power output from the generator is zero while the fault lasts. The physical conditions before, during and after the fault can be analyzed by the power-angle curve of Before the fault occurs, the generator is operating at synchronous speed with the rotor angle δ0, whereby the output electrical power Pe equals the input mechanical power Pm as at point a in Fig. 6 . When the fault occurs, the output electrical power suddenly drops to zero as shown at point b. When the fault is cleared, the electrical power output Pe abruptly rises to a value corresponding to the point d on Fig. 6 . To maintain synchronism, the rotor angle δcr must be found such that the area A2 equals A1, that is, the rotor must not swing beyond δmax. Therefore, δcr is called the critical clearing angle -the maximum allowable angle for clearing the fault in order to maintain synchronism (stability). The corresponding critical time for removing the fault is called the critical clearing time tcr -the maximum elapsed time from the initiation of the fault until its isolation such that the power system is transiently stable. During fault condition, electrical output of generator, Pe equals zero. Therefore, from (11)
Substituting δcr in equation (22) To illustrate, these analysis procedures can be applied to the system shown in Fig. 7 . 
The prefault network is shown in Fig. 8 The swing curves for fault clearing at 0.21s are shown in Fig. 12 . So, the critical clearing time for the system has been shown to lie between 0.21s and 0.235s. For clearing at 0.21s, the system is stable, but for clearing at 0.235, machine 1 is unstable.
The power angle curves for machine 2 are shown in Fig. 15 shows a three-phase fault occurring at point Pthe middle of line 4-to-5. The faulted network is shown in Fig. 16a and Fig. 16b . For the system to return to equilibrium after disturbance, A2 should be equal to A1, and solving iteratively, the critical clearing angle δcr was found to be 57. It can be observed in Fig. 11 that the maximum power transferred to the infinite bus after the fault has been cleared is greater than that before fault occurrence, i.e., Pmax32>Pmax12.
IV. CONCLUSION
This paper illustrates the analysis of a faulted electric power system, using the swing curves and the equal area criterion. During the period of a three-phase short-circuit on the bus or very near the bus to which two parallel lines are connected, no power can be transmitted over either of the lines. This is the first case considered above, where the electrical power output, Pe21 of generator 1 is zero, and the critical clearing time, tcr of the system lies between 0.21s and 0.235s. In this case the impact of the disturbance on generator 1 is greater than on generator 2, and so generator 1 was less stable. In the second case, where the fault occurred at the middle of line 4 -5, there is some impedance between the paralleling buses and the fault, as shown in Fig. 10 . In this case, some power is transmitted while the fault is still on the system. The critical clearing time for this condition lies between 0.245s and 0.355s. It is then obvious that the system is more transiently stable when the fault occurs at some point on a double-circuit line other than on the paralleling buses or at the extreme ends of the line. This information can be useful in the design and location of proper protective relaying schemes for fault clearing.
